. Main magnet power supply system speci fication.
Introduction
The ISABELLE accelerator consists of two identical hexagonal shaped rings positioned to intersect with each other at six crossing regions. Bending magnets are used to bend the trajectories of the circulating beams into closed loops. An rf system is used in the accumulation of beam current and an accelerating rf system accelerates protons up to 400 GeV.
The beams are stored for periods up to 48 hours, providing proton-proton collisions during the entire period. The accelerator's magnetic field must be controlled accurately and with extreme precision during all phases of the excitation cycle. ISABELLE has many correction coils that are required to shape the working line, correcting non-saturation effects, control of the v-values, and controlling the orbit parameters at the crossing regions. One of the primary considerations that establishes the tolerances of the correction power supplies (CPS) is the change in the v-value due to small changes in the output current of the supplies. The tolerances used for the fluctuations in the V-value with time is < 0.001.
The main magnet power supply (MMPS) tolerance is based on the required stability during injection and at flattop, and also the reproducibility during the ramp or acceleration cycle. The power supply accuracy for both MMPS and CPS, is defined as the ability to set the current to a particular value and maintain that value over time. Included in the power supply accuracy specification is the reproducibility or ability to return to any previous current setting. The current ripple is also an important factor in the power supply specification because of the possibility of beam growth due to ripple plus non-linearities in the magnetic fields. Table I and 2 summarizes the parameters of the main magnet power supplies and the correction power supplies.
Magnet Power Supplies Overview
Each power supply is remotely programmed by the control computer through the power supply's built-in microprocessor-based digital function generator. Power supply regulation is accomplished by means of local feed-back loops, and in no way depends on the control computer. The power supplies are protected by internal The thyristor bridge is located on the secondary of the input power transformer to permit the extraction of energy from the magnet load (in the invert mode of operation).
The two converters are connected in parallel so that during acceleration or inversion (deceleration) only the high voltage (ramp) supply is operating, providing the output voltage (Em) required for the magnets. (See Fig. 1 
The 12-phase low voltage (flattop) converter input circuit is designed so that it will be operating close to full conduction for minimum output voltage ripple.
Thyristor Firing Circuit
The firing circuits used in each power converter are two 3 phase, 6 pulse, phase-lock loop (PLL) The design cutoff frequency of the filter is 167Hz. Harmonics above 720Hz are attenuated, however, frequencies below about 200Hz are not filtered. Attenuation at these latter frequencies is provided by an active filter in the flattop supplies.
Current Regulating Loop
The current regulating loop circuitry (see Fig.  3 ) is the same for all the magnet power supplies except for the digital-to-analog converter (DAC). The DAC selection is based on the resolution and overall accuracy requirements of a given power supply. The power supply system errors are caused by various components in the regulating loop such as the current sensing device, the summing amplifier and summing resistors, and the reference DAC.
The worst case errors (full scale) are shown below for a power supply using an 18 BIT DAC. Fig. 3 the first stage is set for a gain of 100 (40db), the following two stages are for a gain of 20 (26db) each and the last stages set for a gain of 2.5 (8db). Figure 4 shows a gain frequency response curve of the amplifier. Pole-zero "dovetailing" is used to provide the necessary frequency compensation. The maximum current ramp rate of the power converter is determined by:
where L = inductance of superconducting magnets I = maximum magnet current V = maximum output voltage of power converter
The maximum slew rate is then:
To calculate the small signal bandwidth required for minimum dynamic error, equation (6) 
